
The influence of antiferroelectnc compounds on helical pitch of orthoconic W-1000 mixture 

Aleksandra Chelstowska , Micha! Czerwiñski , Marzena Tykarska and Noureddine Bennis 

The influence of six antiferroelectric compounds on the helical pitch of mixture W-1000, which was reported as 
long pitch orthoconic antiferroelectric liquid crystalline mixture, was checked by spectrophotometry and polari-
metry methods. The electro-optical properties for the mixture with the longest pitch were measured. An improve
ment in electro-optical response due to the long pitch is reported. The novelty in electro-optical properties is the 
good symmetry response. 
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1. Introduction 

Orthoconic antiferroelectric liquid crystals (OAFLCs) 
are compounds for which molecules are tilted in 
layers by 45°. It results in unique electro-optical prop
erties. Such materials are positive uniaxial. In com
parison with conventional antiferroelectric liquid 
crystalline materials, they have fewer structural 
defects in liquid crystalline cells.[l-3] 

Helical pitch is one of the fundamental parameters 
determining possible application of OAFLC materi
als. The pitch of most OAFLCs is below 1 urn, which 
makes OAFLC difficult to be stabilised by surface. It 
also induces asymmetry in the electro-optical response 
when the cell is driven with DC compensated wave-
form.[4] In this case, when the voltage is reduced to 
generate intermediate levels, the cell shows transmis
sion variation between positive and negative cycle. 
This drawback results in unacceptable grey level and 
flickering in video rate applications.[4] Thus, the 
material with longer helical pitch is desirable. 

The helical structure of the antiferroelectric phase 
may show a complicated temperature dependence. 
The helical pitch in this phase can increase or 
decrease with temperature, or increase and then 
decrease with a discontinuity between, exhibiting a 
change in helical handedness.[5-7] The usual method 
of changing the material parameters of liquid crystal 
mixtures is addition of proper dopants. Helical pitch 
and helical twist sense are quite sensitive to doping. [8] 

Recently long pitch OAFLC mixture W-1000 was 
reported.[9] The aim of this work is further increase of 
its helical pitch as well as an improvement of its 
electro-optical properties. Thus, the influence of six 
antiferroelectric compounds on the helical pitch and 

helical twist sense of mixture W-1000 was checked 
and the electro-optical properties for the mixture 
with the longest pitch were measured. 

2. Experimental details 

The composition of the bicomponent eutectic mixture 
(W-1000) [10] exhibiting the orthoconic antiferroelec
tric phase is shown in Table 1. 

W-1000 is a mixture of two compounds with a 
phenyl biphenylate core and a semiperfluoroalkyl 
terminal chain (1 and 2), but differing in their oligo-
methylene spacer length, respectively 7 and 5, and in 
the position of the fluorine substituent in the rigid 
core (position 2 or 3, respectively). 

The phase transitions shown by W-1000 are as 
follows: 

SmCA * 99.2 SmC * 101.5 SmA 103.5 Iso 

Dopants, with the structure and phase transitions 
presented in Table 2, were added to mixture W-1000 
in the amount 20, 50 and 80 wt%. They belong to the 
same family of compounds as components of the host 
mixture. 

The synthesis of compounds used for formulation 
of mixture W-1000 and used as dopants (A-F) has 
been described in Refs [11,12]. The phase transition 
temperatures, helical pitch and helical twist sense of 
mixture W-1000 doped with compounds A-F were 
measured. 

Phase transitions and phase sequences were 
observed using a polarising microscope (Biolar-
PZO) equipped with heating stage (Linkam THMS-



Table 1. Composition of the eutectic mixture W-1000. 

No. Structure of compounds in W-1000 Concentration (wt%) 

C3F7CH20(CH2)70 

52.5 

C3F7CH20(CH2)50 

47.5 

Table 2. Structure and phase transitions of antiferroelectric compounds added to mixture W-1000. 

Structure of compounds 

C3F7CH20(CH2)70 ( O / c o ° \ 0 / \ 0 / cooc*H-c6H 

CH3 

Cr 69.5 SmC * 117.8-118.0 SmC* 122.1-122.3 SmA 124.5-125 Iso 
(S) 

C3F7CH20(CH2)70 

Cr 25.1 SmC * 96.3-96.5 SmC* 100.9-101.1 SmA 102.7-103.2 Iso 

D 

C3F7CH20(CH2)70 (O) (O) COOfU-C6}in 
CH3 ( S ) 

Cr 50.2 SmCA* 106.3-106.6 SmC* 107.6-107.9 SmA 110.8-111.2 Iso 

C3F7CH20(CH2)50 (Cj) C O ° \C/ \0) C O O C * H - C 6Hl3 
CH3 ( S ) 

Cr 68.0 SmC.* 123.1-123.6 SmC* 125.9-126.3 Iso 

C3F7CH20(CH2)50 (O) (O) C O O C* H -C 6 Hi 3 

CH3 ( S ) 

Cr 64.0 SmC.* 108.8-108.9 SmC* 108.9-109.0 SmA 111.4-111.6 Iso 

C3F7CH20(CH2)50 (O) (O) C O ( Y H -C 6 Hi 3 
CH3 ( S ) 

Cr 53.5 SmC * 109.7-110.0 SmC* 110.2-110.4 SmA 111.5-111.8 Iso 



600) and temperature controller (Linkam T95-STD). 
Observations were performed over a heating and 
cooling cycle close to the phase transition region at 
a rate of 1°C min -1. All the phases were easy to 
recognise from the microscopic textures without 
recourse to other identification methods. 

The helical pitch measurements were based on 
selective light reflection. The measurement of light 
transmission was carried out using a Shimadzu UV-
VIS-NIR spectrometer in the range 360-3000 nm. The 
tested compounds were placed on a glass plate covered 
with a surfactant (cetyl trimethylammonium bromide) 
to ensure homeotropic alignment. This orientation 
geometry is more favourable for correct pitch measure
ments. In the case of other orientation geometry, the 
stronger influence of surface interactions on the helical 
structure is observed, which in turns causes larger 
measurement error. The accuracy of alignment was 
checked by observation of texture in the SmA phase, 
a dark texture indicating homeotropic orientation. For 
the calculation of p from the selective reflection band 
position, we used the form p - h^ln^ for SmCA* 
assuming that in the spectral range of interest the 
average refraction index «av is independent on tem
perature and wavelength (the value «av = 1.5 was 
taken for calculation according to Ref. [13]). 

AML WU7 temperature controller with Peltier 
element was used for controlling the temperature 
within the range 2-110°C to an accuracy of 0.1°C. 
The results presented were obtained during the cool
ing cycle. The helical twist sense for the chiral phases 
was determined by the polarimetry method.[14] The 
temperature of the helical twist sense inversion was 
established by the analysis of transmitted light versus 
temperature of a homeotropically aligned sample 
under a polarising optical microscope; the brightest 
texture indicates an unwound structure.[5] 

The cell for electro-optical measurements was 1.5 
urn thick with homogeneous alignment. This surface 
conditioning was achieved by spin coating Nylon 6 on 
the indium tin oxide-coated glass, followed by curing 
and rubbing steps. The quasi static electro-optical 
response was measured by applying triangular wave
form of 0.1 Hz. Dynamic characterisation was per
formed employing symmetric seven levels waveform 
for passive multiplexing.[15] The greyscale was devel
oped along the dynamic range employing the passive 
multiplexing waveform. 

3. Results and discussion 

3.1 Phase diagrams 

Phase diagrams of systems: W-1000 mixed with com
pound A-F are illustrated in Figure 1. In all cases, 

across the entire range of concentrations, there are 
three mesomorphic phases: SmCA*, SmC* and 
SmA, and that the liquid crystal phase is mixed in 
an unlimited way. For all systems, the crystalline 
phase exists above room temperature only for higher 
concentration of dopants (above 80 wt%). 

3.2 Helical parameters 

The temperature dependence of helical pitch of tested 
mixtures is presented in Figure 2. The sense of the 
helical twist ('+' - right-handed,'-' - left-handed) and 
the temperature of helical sense inversion (arrows) are 
illustrated. 

Temperature dependence of the helical pitch is not 
the same in all cases. Addition of a three ring ester 
with seven methylene groups (-CH2-) (dopant A) to a 
mixture W-1000 causes an increase of the helical pitch 
of left-handed helix at higher temperature and slight 
increase of the helical pitch for right-handed helical 
structure. 

Introducing to the core one fluorine atom 
(dopant B) changes the dependence of helical pitch 
upon temperature. At high temperatures, the helical 
pitch of left-handed structure decreases. At low tem
peratures, helical pitch increases significantly. 

Adding dopant C to the mixture W-1000 causes 
a mild decrease of the helical pitch at higher tempera
tures and left-handed helix. At low temperatures, we 
observed an increase of helical pitch and right-handed 
helical structure. 

Reducing terminal chain to five methylene groups 
-CH 2 - (dopant D) introduces major changes in the 
dependence of the helical pitch upon temperature. At 
low temperatures, the helical pitch is significantly 
reduced. Helical structure is right-handed. At high 
temperatures, the helical pitch increases, and for the 
values of 50% and 80% dopant D as well as for pure 
dopant D helical pitch values are beyond the measur
ing range. 

Adding to the mixture W-1000 dopant E and 
dopant F does not introduce substantial changes in 
the dependence of the helical pitch upon temperature 
in relation to the dopant D. At low temperatures, the 
helical pitch is reduced, and at the high temperature 
the helical pitch is increased. 

Summary dependence of helical pitch upon con
centration is shown in Figure 3 for the low (a) and 
high (b) temperatures. At low temperatures, the 
longer terminal chain compounds cause a small (A) 
or significant (C) increase in the helical pitch upon 
concentration of added dopant. Reducing the length 
of terminal chain causes a decrease of the helical pitch 
upon concentration in all three cases (D, E and F). At 
high temperatures, the dependence of the helical pitch 
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Figure 1. The phase diagrams of W-1000 mixed with compounds: A (a), B (b), C (c), D (d), E (e) and F (f). 
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Figure 2. (colour online) Dependence of helical pitch upon temperature for mixture W-1000 doped with: A (a), B (b), C (c), D 
(d), E (e) and F (f). Arrows indicate the temperature at which the helix is unwound. 

upon concentration is not unequivocal. In the case 
of compounds of the chain with seven carbon 
atoms in oligomethylene spacer the helical pitch 
increases (A), decreases (B) or stays without changes 
(C) upon concentration. Reducing the terminal chain 
to five carbon atoms in oligomethylene spacer causes 
the increase of the helical pitch upon concentra
tion (F). 

Temperature, referred to phase transition SmCA*-
SmC*, of helical twist sense inversion versus concen
tration of dopants is shown in Figure 4. 

Compounds with seven carbon atoms in oligo
methylene spacer in the terminal chain (A, B and C) 
are characterised by decreasing temperature of helical 

twist sense inversion upon concentrations of dopants. 
Reducing the terminal chain to five carbon atoms in 
oligomethylene spacer (D, E and F) causes the 
increase of the temperature of helical twist sense 
inversion upon concentration of added compounds. 
As one can see the temperature of helical twist sense 
inversion can easily be controlled by various dopants 
and their concentration. 

The proposed composition of the mixture with a 
greater helical pitch than the mixture W-1000 is pre
sented in Table 3 and is indicated with acronym 
W-304. 

The phase transitions shown by W-304 are as 
follows: 
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5.5 Properties of W-304 mixture 

As it can easily be seen from Figure 5, the optical tilt 
angle for mixture W-304 shows saturation below 60° 
C and in these temperatures it achieves value between 
43° and 44°. It is worth pointing out that the optical 
tilt angle for mixture W-304 is the same than for 
mixture W-1000.[9] 

The quasi static electro-optical response of surface 
stabilised OAFLC mixture W-304, measured by 
applying triangular waveform of 0.1 Hz, is presented 
in Figure 6. 

The sample was oriented between crossed polari-
sers in order to achieve symmetric response between 
hysteresis loops upon saturation. When the voltage 
was reduced, the symmetry was kept upon intermedi
ate grey scale. This symmetry of the hysteresis curve is 
a consequence of the long pitch of the mixture which 
allows good alignment of the molecules. The well-
defined hysteresis obtained in Figure 6 allows the 
optimum design of waveform for passive multiplexed 
waveform (Figure 7a). The results obtained for a 
mixture W-304 shows better electro-optical behaviour 
than for a mixture W-1000 reported in Ref. [9]. The 
mixture W-1000 shows asymmetry in hysteresis curve 
and higher switching voltage. However, the W-304 
shows fully symmetric electro-optics with reduced 
switching voltage up to 4 V in comparison to a mix
ture W-1000. 

This symmetry in electro-optical response is cru
cial to allow the pixel to be completely blanked 
between consecutive frames when the passive 
multiplexing driving is used. Consequently the trans
mission of a pixel in a given frame will not depend 
on its transmission in the previous frame avoiding 
flickering in video rate applications. [4] In both 
cases, the measured dynamic and quasi static con
trast ratio are higher than 300. The good contrast is 
consequence of the good alignment of the molecules 
and orthoconic antiferroelectric structure. When 
these two conditions are fulfilled, the total suppres
sion of the pretransitional effect is achieved and the 
contrast is enhanced. Figure 8 shows the observed 
textures of rubbed cell filled with mixture W-304 



Table 3. Composition of the mixture W-304. 

Structure of compounds Concentration (wt%) 

26.25 

C3F7CH20(CH2)70 (Cj) COO (Cj) (Cj) COOCÍH-CeJI^ 

CH3 ( s ) 

23.75 

C3F7CH20(CH2)50 (Cj) COO (Q/ \0/ COOC*H—CsH13 

CH3 ( s ) 

C3F7CH20(CH2)7< O (Cj\ COO (Tj) (Tj) COOdH-Qfe 

(S) 
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Figure 5. (colour online) The tilt angle as a function of 
temperature plotted for mixture W-304. 
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Figure 6. (colour online) Electrooptical response of 
OAFLC mixture W-304 to 0.1 Hz triangular AC signals 
with different amplitudes. 

between crossed polarised when the cell is in the 
OFF and ON state. 

4. Conclusions 
On the basis of this study, it can be determined which 
of the dopants added to a mixture W-1000 cause the 
increase in its helical pitch. 

The most preferred dopant is a three ring ester 
compound containing seven carbon atoms in oligo-
methylene spacer of the terminal chain and having a 
laterally substituted fluorine atoms in the core (C) -
results in a significant increase in helical pitch at low 
temperatures, which results in mixtures desired for 
application. 

A dopant, which can also be used in mixtures with 
long helical pitch, is a compound having seven carbon 
atoms in oligomethylene spacer of terminal chain and 
does not contain laterally substituted fluorine atoms 
(A) - it causes a slight increase in helical pitch at low 
temperatures. 

All compounds containing five carbon atoms in 
oligomethylene spacer of terminal chain (D, E and F) 
as well as the compound containing seven carbon 
atoms in oligomethylene spacer and one fluorine 
atom substituted to the core (3F7HPhF) cause twist
ing of the helix over a temperature range and should 
not be added to a mixture W-1000. 
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Figure 7. (colour online) Characterisation sheet of W-304: (a) seven levels waveform, (b) electro-optical transmission levels 
and (c) greyscale. 

Rubbing direction 

Figure 8. (colour online) Polarising microscopic textures of 
cell filled with W-304 in its OFF and ON states. 

It can be noticed that the systems with the inversion 
of helical twist sense give the possibility of obtaining 
very long pitch in antiferroelectric phase. From 
obtained results, it can be conclude that the temperature 
of helical twist sense inversion can be easily controlled 
by proper adjustment of the mixture composition. 

The antiferroelectric mixture (W-304) with longer 
pitch than W-1000 was obtained. It is orthoconic at 
the temperature below 60°C, wherein the tilt angle is 
fixed and not changes with temperature. It has the 
same advantages as mixture W-1000 (i.e., high tilt 
angle and the full relaxation of an anticlinic state at 
the zero electric field). Moreover, the novelty of its 

electro-optical properties is the good symmetry 
response and lower switching voltage. 
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